Magnetic resonance imaging (MRI) has been shown to be sensitive in identifying ligamentous injury to the cervical spine. The major drawbacks to its routine use are cost and availability. The purpose of this study was to compare the cost of using MRI to rule out ligamentous injury of the cervical spine with the cost of immobilization in a cervical collar and outpatient follow-up. Neurologically intact and nonobtunded patients with neck pain and normal findings on radiographs evaluated for ligamentous injury of the cervical spine were studied. Patients were either evaluated with MRI or immobilized in a cervical collar and followed up for repeat clinical and radiographic evaluation as outpatients. The authors gathered year 2011 fees from their institution and 2011 Medicare reimbursement data and compared the costs of MRI with the costs of cervical collar and outpatient follow-up. In addition, the median income of the local community was used to estimate opportunity costs associated with cervical collar immobilization. After 7 days of lost wages at the median local income, MRI became a less costly option when comparing hospital fees. Alternatively, when considering Medicare reimbursement, MRI became less costly after only 2 days of lost wages at the median local income. On the basis of these findings, MRI of the cervical spine is less costly than other current management strategies when opportunity costs are considered.
M agnetic resonance imaging (MRI) has been shown to be cost-effective for the diagnosis of occult fractures of the proximal femur and scaphoid when compared with standard radiographic evaluation and close clinical follow-up. [1] [2] [3] [4] [5] Spine surgeons face a dilemma when evaluating a nonobtunded trauma patient with neck pain and normal findings on radiographs or computed tomography scans. Injuries to the intervertebral disks, anterior longitudinal ligament, posterior longitudinal ligament, and posterior ligamentous complex produce pain and instability in the absence of abnormality on standard cervical spine trauma series. Flexion-extension radiographs can potentially identify ligamentous instability of the cervical spine; however, in the presence of acute cervical spine trauma, neck pain often limits full range of motion in flexion and extension, thus limiting the use of this modality in the acute setting. [6] [7] [8] [9] Magnetic resonance imaging has been shown to be sensitive in identifying injury to the posterior ligamentous complex and superior to standard radiographic assessment in identifying pre-or paravertebral hemorrhage or edema, anterior or posterior longitudinal ligament injury, traumatic disk herniation, cord edema, and cord compression. 10, 11 Magnetic resonance imaging is considered an expensive modality for routine trauma screening and cervical spine clearance in the nonobtunded patient. The cost of MRI is often a major consideration the evaluating clinician faces in the management algorithm of the nonobtunded acute trauma patient (Figure 1) . The authors present a cost analysis comparing MRI of the cervical spine in the acute setting with cervical collar immobilization and close outpatient follow-up.
Materials and Methods
The costs encountered during a workup for posttraumatic cervical spine injury were compiled for 2 groups of patients: those who received MRI vs those who were placed in a cervical collar and discharged from the Emergency Department with Orthopaedic Surgery follow-up ( Table 1) . The authors gathered year 2011 hospital fees and Medicare reimbursement data from their institution for the following items and services: routine cervical spine radiographic trauma series (includes 4 or fewer radiographic views), professional fee for radiologist interpretation of cervical spine radiographs (includes 4 or fewer views), MRI of the cervical spine without contrast, professional fee for radiologist interpretation of MRI of the cervical spine without contrast, Miami J cervical collar combined technical and hospital fee, Orthopaedic Surgery Emergency Department visit fees (levels 1 through 5), Orthopaedic Surgery new patient office visit fees (levels 1 through 5), and Orthopaedic Surgery established patient office visit fees (levels 1 through 5) ( Table 2 ). The median per capita income of the community was used to estimate opportunity costs for local patients ( Table 3) . 12 Using the presented hospital fees, Medicare reimbursement data, and estimated opportunity costs, a side-by-side cost comparison was calculated for the MRI group and the cervical collar and follow-up group.
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Opportunity costs were estimated from the median local annual income, which was further divided into weekly, daily, and hourly income based on 52 weeks of work per year, 5 days of work per week, and 8 hours of work per day, respectively ( Table  3) .
12 Table 4 contains a breakdown of hospital costs incurred by patients. The cost of MRI of the cervical spine at the authors' institution is $1369, and the Medicare reimbursement is $545.45. The cost for a cervical collar and follow-up with repeat radiographs is $705, and the Medicare reimbursement is $395.86 (level 3 outpatient visit used as an average; Table 4 lists the range for level 1 and level 5 visits). The difference in fees between the 2 evaluation pathways (MRI group vs cervical collar and follow-up group) is $664, and the difference in Medicare reimbursement is $149.59. Both of these numbers are based on level 3 outpatient follow-up. The estimated daily median income for the community is $98.66. This value was used as daily lost wages and included as opportunity costs. Opportunity costs were then added to the hospital costs (hospital fees and Medicare reimbursement) and plotted against the cost of MRI (Table 5, Figure 2 ). When opportunity costs are considered, the cost associated with cervical collar and outpatient follow-up is greater than that associated with MRI after 7 days of lost wages when comparing actual hospital fees. When Medicare reimbursement rates are considered in addition to opportunity costs, the cost of cervical collar and outpatient follow-up exceeds the cost of MRI after 2 days of lost wages.
discussion
Using MRI to evaluate the cervical spine of neurologically intact and nonobtunded trauma patients with neck pain and normal findings on cervical spine radiographs remains controversial. Indications for using MRI for these patients have not been clearly elucidated in the available literature. In clinical practice, patients with trauma from varying mechanisms and without distracting injury often report neck pain. Deciding how to evaluate the cervical spine is often difficult when plain radiographs reveal negative findings for acute injury and there is no neurologic deficit. Flexion-extension radiographs have been shown to be unreliable in the acute setting. [6] [7] [8] [9] Opponents of the routine use of MRI often cite its expense to patients and the health care system. The current authors have presented a side-by-side comparison of the fees associated with MRI of the cervical spine vs the common practice of placing patients in a cervical collar with outpatient follow-up for repeat radiographic and clinical examination.
The difference in fees charged to the patient is quickly negated when considering the opportunity costs associated with cervical collar immobilization. Many patients are unable to work while immobilized in a cervical collar; lost wages add opportunity costs. When considering a daily median income of $98.66, MRI becomes less costly after 7 days of lost wages when adding opportunity costs to hospital fees. When considering Medicare reimbursement rates, MRI becomes less costly after only 2 days of lost wages (Figure 2) .
The major limitation of this study is that it involves a side-by-side comparison of fees and opportunity costs rather than a retrospective or prospective comparison of costs encountered by a group of patients in the clinical setting. Opportunity costs include all costs that patients encounter as a result of treatment. For patients immobilized in a cervical collar, opportunity costs differ by individual patient circumstances, including whether patients are able to perform their job duties while immobilized in a cervical collar, travel costs associated with an outpatient clinic visit, n Feature Article and loss of wages associated with time off from work for an outpatient clinic visit. The authors used the median income of the community as a surrogate for and estimate of opportunity costs. Although this is a simplification of opportunity costs, it provides a useful dollar amount to apply to the average worker in the community. When considering opportunity costs, one must determine whether patients will be able to perform their work duties while wearing a cervical collar. Many jobs can be performed by patients wearing a cervical collar. In this situation, the only opportunity costs incurred by the patient are those incurred during the course of clinical follow-up. These costs include travel expenses and lost wages during the evaluation by the managing clinician. Travel expenses will vary according to patient proximity to the evaluating physician and mode of transportation used. Many patients who use tertiary care centers that provide emergency services to a large geographic area will incur substantial travel expense for clinical follow-up and may lose a half day or more of wages to be present for a clinical appointment. These factors should be taken into account when considering cost as part of the treatment decision. Because private insurance and alternate payer reimbursement closely follows Medicare rates, the difference in actual cost of medical services between MRI and cervical collar with clinical follow-up for patients and their payer is $149.59 based on 2011 Medicare rates (Table 4) . Therefore, if a patient encounters approximately $150 or more in opportunity costs of any type, MRI would be a less costly option for the patient and the payer. This expense is quickly negated when lost wages and travel expenses are considered.
A strength of this study is that it provides a framework for further investigation of the cost-effectiveness of routine MRI for evaluation of posttraumatic ligamentous cervical spine injury when radiographs reveal normal findings for neurologically intact and nonobtunded patients. The information and comparison presented here can be extrapolated to the community at large.
In addition to cost, other factors are often considered during the diagnostic workup of these patients that are not taken into account in this cost analysis. Magnetic resonance imaging is not available in all centers where this type of clini- cal scenario may be evaluated. Moreover, the time required to complete MRI and the wait time for equipment availability may be prohibitive in some situations. However, it is the authors' assessment that although MRI is often regarded by clinicians as cost prohibitive for use in this clinical scenario, this is overstated and inaccurate. The difference in cost between MRI and cervical collar with outpatient follow-up is negligible, and the consideration of opportunity cost makes MRI less costly for the patient who is unable to work while wearing a collar.
conclusion
When opportunity costs are considered, MRI of the cervical spine is less costly than the current practice of cervical collar immobilization with outpatient follow-up in 2 weeks for patients who are unable to work while wearing a cervical collar. Clinicians evaluating neurologically intact and nonobtunded trauma patients with neck pain and normal findings on cervical spine radiographs should not consider MRI of the cervical spine a costprohibitive option for diagnostic workup. This study provides the background for future retrospective or prospective cost analyses on this topic.
references

